Fucoidan is a uniquely-structured sulfated polysaccharide found in the cell walls of several types of brown seaweed that has recently, especially as enzyme-digested fucoidan extract, attracted a lot attention due to its anti-tumor potential. In this study, we evaluated the effects of enzyme-digested fucoidan extracts prepared from seaweed Mozuku of Cladosiphon novae-caledoniae kylin on in vitro invasion and angiogenesis abilities of human tumor cells. First, we evaluated the effect of the fucoidan extracts on oxidative stress of tumor cells, and demonstrated that intracellular H 2 O 2 level and released H 2 O 2 from tumor cells were both greatly repressed upon the treatment with the fucoidan extracts, suggesting that fucoidan extracts ameliorate oxidative stress of tumor cells. Next, we tested for the effects of fucoidan extracts on invasion ability of human fibrosarcoma HT1080 cells, showing that fucoidan extracts significantly inhibit their invasion, possibly via suppressing matrix metalloproteinases (MMPs) MMP-2/9 activities. Further, we investigated the effects of the fucoidan extracts on angiogenesis of human uterine carcinoma HeLa cells, and found that fucoidan extracts suppressed expression and secretion of an angiogenesis factor vascular endothelial growth factor (VEGF), resulting in suppressed vascular tubules formation of tumor cells. The results taken together clarified that enzyme-digested fucoidan extracts from Cladosiphon novae-caledoniae kylin possess inhibitory effects on invasion and angiogenesis of tumor cells. These effects might, at least partially, be elicited by the antioxidative potential of enzyme digested fucoidan extracts.
Introduction
Metastasis is a major problem in cancer treatment/ therapy; there being several sequential steps in cancer cell metastasis. Cancer cells migrate from the primary cancerous site to other parts of the body via the bloodstream or lymph system, absorb to extracellular matrix (ECM) and degrade its surrounding proteins. Matrix metalloproteinases (MMPs) are key enzymes involved in tumor invasion, where MMPs degrade ECM proteins such as collagen, proteoglycan, elastin, laminin, and fibronectin (Johnson et al. 1998) . In human, MMP-2 (gelatinase A/M r 72,000 type IV collagenase) and MMP-9 (gelatinase B/M r 92,000 type IV collagenase) are thought to be key enzymes for degrading type IV collagen, which is a major component of the basement membrane (Westermarck and Kahari 1999) . Both MMP-2 and MMP-9 are abundantly expressed in various malignant tumors (Johnsen et al. 1998 ) and contribute to invasion and metastasis (Liabakk et al. 1996) .
Tumor angiogenesis, the formation of new blood capillaries by vascular endothelial cells from existing vessels, is an important mechanism for supplying nutrients to tumor cells that are distant from existing blood vessels. Tumor angiogenesis is thought to be controlled by angiogenic factors including fibroblast growth factor (FGF), plateletderived growth factor (PDGF), and vascular endothelial growth factor (VEGF). VEGF is a highly conserved dimeric heparin-binding glycoprotein and has a pivotal role in the regulation of normal and abnormal angiogenesis (Ferrara 1993) . At present, reactive oxygen species (ROS) are thought to be involved in the regulation of angiogenesis, suggesting that ROS also regulate the expression of VEGF, and that ROS-scavengers is ideal anti-angiogenesis agents.
Fucoidan is a uniquely-structured sulfated polysaccharide found in the cell walls of several types of brown seaweed. Recently, fucoidan has attracted a lot of clinical attention due to its strong anti-tumor potential, which has been intensively investigated. Fucoidan suppresses the growth of tumor cells in vivo and activates the immune system against tumors (Usui et al. 1980; Yamamoto et al. 1984; Noda et al. 1990; Itoh et al. 1993; Zhuang et al. 1995; Maruyama et al. 2003) . Sulfation of fucoidan enhanced its antitumor activity (Yamamoto et al. 1984) . Koyanagi et al. (2003) reported that fucoidan inhibited tube formation following migration of human umbilical vein endothelial cells (HUVEC) and its chemical oversulfation enhances the inhibitory potency. They suggested that fucoidan inhibited the binding of VEGF to the VEGF receptor. Recently it has been reported that a low molecular weight fucoidan (MW. ca. 4 kDa) prepared by radical degradation promotes basic fibroblast growth factor-induced tube formation of endothelial cells (Chabut et al. 2003 (Chabut et al. , 2004 . Here we present the first evidence that enzyme-digested fucoidan extract derived from Mozuku of Cladosiphon novae-caledoniae kylin, which originates in the Kingdom of Tonga, scavenges intracellular ROS and suppresses the invasion and angiogenesis abilities of tumor cells.
Materials and methods

Preparation of fucoidan and reagents
The abalone glycosidase-digested fucoidan extract prepared from seaweed Mozuku of Cladosiphon novae-caledoniae kylin from the Kingdom of Tonga, commercially available as a product named 'Power fucoidan', was donated for the study by the Daiichi Sangyo Corporation (Osaka, Japan). An undiluted solution (pH 3.7) was neutralized to pH 7.0 with NaOH. The precipitants were removed by centrifugation at 2200 · g for 15 min. The supernatants were then sterilized with a 0.2 lm pore filter (Millipore, MA, USA), and stored as 'fucoidan extract (43.5 mg/ml)' at 4°C. 2¢,7¢-Dichlorodihydro-fluorescin diacetate (H 2 DCFDA) was purchased from Molecular probes (Eugene, OR, USA). 2-(4-Iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt (WST-1) was purchased from Wako (Osaka, Japan). Matrigel and type I collagen were obtained from Funakoshi (Tokyo, Japan). The human VEGF immunoassay kit was obtained from R&D system (MN, USA). Angiogenesis tubule staining kit (for staining CD31) was purchased from TCS Cellworks (Buchingham, UK).
Cell culture and treatment
The human fibrosarcoma cell line HT1080, human uterine carcinoma cell line HeLa and human normal fibroblast TIG-1 were cultured in Minimum Eagle's medium (MEM: Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS) (Biowest, France), 2 mM L-glutamine and 10 mM HEPES (10% FBS/MEM). HUVEC were cultured in EBM-2 medium (Cambrex, MD, USA). The fucoidan extract (final conc.: 10-20%) was mixed with 10 · MEM, and diluted with MilliQ water. Treatments with the fucoidan extract were performed as described below.
Cell viability assay
After HT1080 cells (5 · 10 5 cells/well) were seeded to 24-well plates and cultured in 10% FBS/MEM in the 5% CO 2 atmosphere at 37°C for 24 h, the culture medium was replaced with 10% FBS/MEM containing the fucoidan extracts, and the cells were cultured for another 24 h. The culture medium was then removed, 500 ll of WST-1 reagent added to the wells, and the plates incubated at 37°C for 2 h. A 100 ll of reaction solution was moved to a new 96-well microplate, and the absorbance at 450 nm was measured using a microplate reader (Tecan, Maennedorf, Switzerland) .
Flow cytometric analysis of intracellular H 2 O 2
H 2 DCFDA is a cell-permeable indicator for reactive oxygen species that is non-fluorescent until the acetate groups are removed by intracellular esterases and oxidation occurs within the cell. HT1080 cells were pre-treated with MEM containing the fucoidan extracts for 24 h, and incubated with 5 lM of H 2 DCFDA for 30 min at 37°C. Fluorescent intensity of 2¢,7¢-dicholorofluorescein (DCF) was measured by a flow cytometer (EPICS XL system II, Beckman Coulter, Miami, FL, USA).
Measurement of H 2 O 2 release
H 2 O 2 release from HeLa cells into the culture medium was assayed according to the method described by Ruch et al. (1983) . This fluorometric method is based on the conversion of homovanillic acid to its fluorescent dimer in the presence of H 2 O 2 and horseradish peroxidase. After HT1080 cells were challenged with the fucoidan extracts for 24 h, the cells were first washed with PBS and incubated with 800 ll of reaction buffer (100 lM homovanillic acid, 5 units ml À1 horseradish peroxidase type IV and 1 mM HEPES in Hanks' balanced salt solution without phenol red pH 7.4). The reaction buffer alone was treated in the same way and used as a control. This solution was collected after 30 min incubation; pH was then adjusted to 10.0 with 0.1 M glycine-NaOH buffer. Fluorescence was measured by using a fluorescence spectrophotometer (F-2500; Hitachi, Tokyo, Japan) at excitation and emission wavelengths of 321 nm and 421 nm, respectively. The concentration of H 2 O 2 in the solution was estimated by a standard calibration curve prepared by using a series of 0$10 mM H 2 O 2 . The exact concentrations of H 2 O 2 in solutions used to plot standard curves were determined spectrophotometrically at 240 nm using an extinction coefficient of 43.6 M À1 cm À1 .
Matrigel invasion assay
Each well of 24-well microplates was coated with 700 ll of serum-free MEM containing 10 lg of fibronectin. Upper parts of the 8 lm chambers (Kurabo, Osaka, Japan) were then coated with 20 ll matrigel, and lower parts with 10 ll collagen. The chambers were then inserted into the 24-well microplate. HT1080 cells were pretreated with the fucoidan extract for 24 h, inoculated onto the chamber (1 · 10 5 cells per well) and incubated for 12 h at 37°C. The cells that invaded into the lower surface of collagen were fixed and stained with Diff-Quik (Sysmex, Hyogo, Japan), and three random fields counted under a light microscope.
Zymography assay
HT1080 cells were cultured in 10% FBS/MEM overnight and subsequently treated with 10% FBS/MEM containing the fucoidan extract for 24 h. The culture medium was replaced with 2 ml of fresh serum-free MEM, and cells cultured for another 24 h. The supernatant was collected and concentrated by ultracentrifugation (Millipore). A 5 ll of concentrated culture medium was mixed with 5 ll of 2 · sample buffer (0.25 M Tris-HCl, pH 6.0, 8.5% glycerol, 4% SDS, 0.01% bromophenol blue), and then electrophoresed on a gelatin-containing gel (7.5% polyacrylamide and 2 mg/ml gelatin). After electrophoresis, the gel was washed three times for 10 min in 2.5% Triton X-100, and incubated with incubation buffer (50 mM Tris-HCl, pH 7.6, 10 mM CaCl 2 , 50 mM NaCl, 0.05% Brij35) overnight at 37°C. After incubation, the gel was stained by CBB solution (0.25% Coomassie blue R250, 40% methanol and 10% acetic acid) for 1 h at room temperature, and decolorized with 40% methanol and 10% acetic acid.
Semi-quantitative RT-PCR
Total RNA was isolated using a GenElute Mammalian Total RNA isolation kit (Sigma, St. Louis, MO) following the manufacturer's protocol. Primer sequences for amplifying GAPDH: 5¢-AC-CACAGTCCATGCCATCAC-3¢ (forward) and 5¢-TCCACCACCCTGTTGCTGTA-3¢ (reverse), for MMP-2: 5¢-TTCTATGGCTGCCCCAAG-GAGAGCTGCAAC-3¢ (forward) and 5¢-CAG-CTCAGCAGCCTAGCCAGTCGGATTTGA-3¢ (reverse), and for VEGF: 5¢-GGGCCTCCGAAAC CATGAAC-3¢ (forward) and 5¢-CTGGTTCCC GAAACCCTGAG-3¢ (reverse). PCR conditions were 94°C for 30 s, 58°C for 30 s, and 72°C for 1 min for 30 cycles for GAPDH, 94°C for 45 s, 60°C for 45 s, and 72°C for 1 min for 30 cycles for MMP-2, and 94°C for 45 s, 60°C for 45 s, and 72°C for 1 min for 35 cycles for VEGF.
Measurement of VEGF secreted into the culture medium
HeLa cells (5 · 10 5 cells/well) were seeded in 24-well plates with 10% FBS/MEM overnight. The medium was then replaced with serum-free MEM containing the fucoidan extract and cultured for another 24 h. Culture medium was replaced with fresh serum-free MEM and cells were cultured for another 24 h. Supernatants were collected to measure the amount of VEGF secretion using a procedure following the manufacturer's protocol.
Tubles formation assay
HeLa cells (1 · 10 6 cells) were seeded in a 100 mm dish with 10% FBS/MEM overnight. The medium was replaced with serum-free MEM or MEM containing the fucoidan extract, the cells were cultured for 24 h, and then further cultured in serum-free MEM for 72 h. The conditioned medium was collected and filtered with a 0.2 lm filter.
Tubules formation assay was performed with a coculture system. HUVEC were mixed with TIG-1 cells in a ratio of 1:40, seeded in 24-well microplates, and cultured in EBM-2 medium overnight. The medium was removed and a mixture of tumor cell conditioned medium and EMB-2 at 2:1 was added. The medium was changed every 2 days. Formed tubules were detected with HUVEC-specific markers CD31 (PECAM-1). Briefly, at day 11, medium was completely removed, and the co-culture plate was fixed for 30 min with a 70% ethanol solution. After incubation with PBS containing 1% BSA, the co-culture plate was incubated with a mouse anti-human CD31 antibody for 60 min, followed by another 60 min incubation with a secondary goat anti-mouse IgG antibody conjugated with alkaline phosphatase. After washing the plate, BCIP/NBT substrate was added until tubules developed a dark purple color. Recorded images were analyzed by software for angiogenesis quantification (AngioSys 1.0, TCS, Cellworks, UK). Twelve random fields per well were taken for tubule formation assessment.
Results
Preparation of the fucoidan extract and its properties
Extract containing high molecular weight fucoidan was purified to 85% from seaweed of Cladosiphon novae-caledoniae kylin, digested with an abalone glycosidase, and used as the fucoidan extract in this study. Molecular composition of the fucoidan extract was evaluated by size exclusion chromatography using a TSK-gel G3000PW XL (TOSOH, Tokyo, Japan); the fucoidan extract was demonstrated to consist of a digested small molecular weight (MW) fraction (72%, MW: <500) and non-digestive fractions [less than 28%, peak MW: 800 kDa (data not shown)]. Sugar composition was further evaluated by a spectrofluorometer (LC-9A, Shimadzu, Kyoto, Japan) equipped with a TAK-gel Sugar AXG column (TOSHO); showing that sugars in the fucoidan extract consisted of mostly fucose (73%), xylose (12%) and mannose (7%) (data not shown). The ratio of sulfation determined by flask burning and ion chromatography method was 14.5%. Taking these results together, we considered that the fucoidan extract used here consists mostly of a mixture of digested fucoidan and other substances, as well as nondigested fucoidan.
Effect of the fucoidan extract on tumor cell viability
To examine the effect of the fucoidan extract on the viability of HT1080 and HeLa cells, cells were treated with different concentrations of the fucoidan extract (1-80%) for 2 days and cell proliferation was evaluated by WST-1 assay. As shown in Figure 1 , no significant effect was observed on the viability of HT1080 cells when exposed to less than 20% of the fucoidan extract. Further, the fucoidan extract did not affect viability of HeLa cells until exposure to 20% of the fucoidan extract (data not shown). To exclude the toxic effect of the fucoidan extract on proliferation of tumor cells, less than 20% of the fucoidan extract was used throughout the experiments.
Fucoidan extract reduced the accumulation and release of H 2 O 2 in tumor cells
We next investigated the intracellular H 2 O 2 -scavenging ability of the fucoidan extract in HT1080 cells. H 2 DCFDA was used to measure intracellular H 2 O 2 production in HT1080 cells. HT1080 cells were pre-treated with MEM containing the fucoidan extract for 24 h, then incubated with 5 lM H 2 DCFDA for 30 min at 37°C. As shown in Figure 2a , fucoidan extract was shown to scavenge intracellular H 2 O 2 in HT1080 cells. Fucoidan extract also scavenged intracellular H 2 O 2 in HeLa cells (data not shown). Furthermore, the release of H 2 O 2 into culture medium from HeLa cells was also significantly reduced upon the treatment with fucoidan extract (Figure 2b ). These results indicate that fucoidan extract relieves the oxidative stress induced by ROS, and reduces oxidative stress of cells and their surroundings.
Fucoidan extract inhibits invasion of HT1080 cells
MMP-2 and -9 are secreted from tumor cells and are involved in tumor cell invasion. First, we performed RT-PCR analysis to investigate the effect of fucoidan extract on the transcription of MMP-2. Figure 3a shows that transcription of MMP-2 in HT1080 cells slightly decreased upon treatment with fucoidan extract. Next, we performed zymography assay to detect the levels of MMP-2 and -9 in culture medium. As shown in Figure 3b , activities of both enzymes secreted from HT1080 decreased upon treatment with fucoidan extract. Finally, we investigated the invasion ability of HT1080 cells treated with fucoidan extract by matrigel penetrating assay. As shown in Figure 3c , the number of cells penetrating the matrigel also decreased upon treatment with fucoidan extract. Taken together, all these results indicate that fucoidan extract attenuates invasion ability of tumor cells.
Fucoidan extract inhibits expression and secretion of VEGF
VEGF and H 2 O 2 are known angiogenic factors. As shown in Figure 2 , fucoidan extract decreased the accumulation and release of H 2 O 2 , which might lead to a reduction of the angiogenic ability of tumor cells. Thus, we next investigated the effect of fucoidan extract on the expression of VEGF. As shown in Figure 4a , VEGF expression in HeLa cells greatly repressed upon treatment with fucoidan Figure 1 . Effect of fucoidan extract on HT1080 cell viability. To examine the effect of the fucoidan extract on the viability of HT1080 cells, cells were treated with different concentrations of fucoidan extract (11.0 mg/ml, 100%) for 2 days and cell proliferation was evaluated by WST-1 assay.
extract. In accordance with this result, the secretion of VEGF was also inhibited upon treatment with fucoidan extract (Figure 4b) . All these results demonstrate that fucoidan extract reduces the angiogenic ability of tumor cells by decreasing the release of H 2 O 2 and inhibiting secretion of VEGF.
Fucoidan extract inhibits tumor angiogenesis
Next, we investigated the effect of fucoidan extract on tumor angiogenesis by using a co-culture system. The results showed that conditioned medium of HeLa cells (HeLa CM) significantly augmented the formation of the vascular tubules in all tested aspects as compared to no cell conditioned medium (control). In contrast, the conditioned medium of HeLa cells treated with fucoidan extract (fucoidan ex.-HeLa) significantly suppressed all parameters of tubules formation assay ( Figure 5 ). These results indicate that the fucoidan extract inhibits angiogenesis of tumor cells.
Discussion
Fucoidan is reported to have anti-tumor activity (Soeda et al. 1994; Haroun-Bouhedja et al. 2002) . However, the mechanism by which of fucoidan inhibits the invasion/angiogenesis of tumor cells has not been clearly elucidated. In this study we used fucoidan extract derived from the seaweed Cladosiphon novae-caledoniae kylin and digested with abalone glycosidase. The fucoidan extract was found to consist mostly of fucose (73%) by sugar composition analysis, and digested small MW fraction (72%, MW: <500) by size-exclusion chromatography; therefore, fucoidan extract consists mostly of digested fucoidan. In this study, we tried to evaluate the functionalities of this novel fucoidan derivative on the invasion/angiogenesis abilities of tumor cells. Tumor cells carry a high level of oxidative stress in comparison to normal cells (Szatrowski and Nathan 1991) , along with elevated levels of MMP-2 and 9 (Johnsen et al. 1998) , which strongly suggest a correlation between oxidative stress and MMP-2/9 expression in tumor cells (Belkhiri et al. 1997; Gurjar et al. 2001; Grote et al. 2003; Kolev et al. 2003) ; and further, that alleviating intracellular oxidative stress can result in the downregulation of MMP-2/9. In fact, several fucoidan derivatives have shown in vitro or in vivo antioxidative potential (Xue et al. 1998 (Xue et al. , 2001 Ruperez et al. 2002; Zhang et al. 2003) . We demonstrated Ruch et al. (1983) . This fluorometric method is based on the conversion of homovanillic acid to its fluorescent dimer in the presence of H 2 O 2 and horseradish peroxidase. Fluorescence intensity was measured by a fluorescence spectrophotometer at excitation and emission wavelengths of 321 nm and 421 nm, respectively. Data are expressed as the mean ± SD of three independent experiments. Results were statistically significant (**p < 0.01; n = 3) using the Student's t-test.
that the fucoidan extract derived form Cladosiphon novae-caledoniae kylin effectively reduced both intracellular and released H 2 O 2 of HT1080 cells, which might lead to the suppression of MMP-2/9 expression and subsequent inhibition of the invasive ability. We have not clarified the mechanisms for the reduction of ROS by fucoidan extract, but we can speculate that fucoidan extract stimulates antioxidant enzymes such as superoxide dismutase and glutathione peroxidase.
Release of H 2 O 2 is thought to be one of the triggers in the angiogenic process of cancer cells (Szatrowski and Nathan 1991) . During tumor growth, H 2 O 2 is reported to play a pivotal role in ethanol-induced in vitro angiogenesis (Qian et al. 2003) . Although tumor angiogenesis is thought to directly correlate with VEGF production from tumors (Berkman et al. 1993; Guidi et al. 1995; Wizigmann-Voos et al. 1995; Mattern et al. 1996; Suzuki et al. 1996; Balsari et al. 1999) , H 2 O 2 also causes significant induction of VEGF expression in many cell lines (Brauchle et al. 1996; Chua et al. 1998; Cho et al. 2001; Masuda et al. 2002; Zhu et al. 2002) . Thus, scavenging ROS and reduction of the ROS stress of tumor cells and their surroundings should lead to the inhibition of angiogenesis of tumor cells via suppressing the release of H 2 O 2 and donwnregulating VEGF expression.
Several antioxidants inhibit tumor angiogenesis. N-acetyl cysteine (NAC) inhibits tumor angiogenesis via suppressing the production of VEGF (Albini et al. 2001) and by promoting angiostatin production, a potent endothelial apoptotic factor (Agarwal et al. 2004) . Vitamin E has been shown to suppress tubules formation induced by exogenous H 2 O 2 (Tang and Meydani 2001) , and to inhibit melanoma angiogenesis through suppressing the expression of VEGF (Malafa et al. 2002) . In the present study, a decreased intracellular ROS level and H 2 O 2 release upon treatment with enzyme-digested fucoidan extract derived from Cladosiphon novae-caledoniae kylin was responsible for a reduction of MMP-2/9 activities and a decrease in VEGF expression; and further, the subsequent inhibition of invasion, and the suppression of tubules formation in tumor cells. The active substances in fucoidan extract remain to be clarified. Low molecular weight and sulfate con- After HT1080 cells were pre-treated with 10% FBS/MEM containing fucoidan extract for 24 h, the medium was replaced with 2 ml of serum-free MEM and cells were cultured for another 24 h. The supernatant was concentrated and applied to zymography assay. Numerical zymography data analyzed by Image Gauge 4.0 software are shown at the top of the zymography photo. (c) After HT1080 cells were pre-treated with 10% FBS/MEM containing fucoidan extract for 24 h, 1 · 10 5 cells per well were seeded into the chamber, then incubated for 12 h at 37°C. Cells invading into the lower surface of the collagen were fixed and stained with Diff-Quick. Invaded cells were counted in three random fields under a light microscope. Data are expressed as the mean ± SD of three independent experiments. Results were statically significant (*p < 0.05; **p < 0.01, n = 3) using the Student's t-test. tent of fucoidan are reported to be responsible for its antioxidative abilities (Xue et al. 2001 (Xue et al. , 2004 Quanbin et al. 2003) . On the other hand, oversulfation of fucoidan could enhance its anti-tumor invasion (Soeda et al. 1994 ) and angiogenic activities (Koyanagi et al. 2003) . We observed that the non-digested high molecular weight of the fucoidan extract did not scavenge intracellular ROS of HT1080 cells, and did not enhance the expression of MMP-2 mRNA (data not shown). Thus, the active substances in enzyme-digested fucoidan extract derived from seaweed Mozuku are thought to be of low molecular weight and a sulfated fraction. However, other possibility also considered is that active substances of low molecular weight such as an antioxidative carotenoid, fucoxanthin (Okuzumi et al. 1990 (Okuzumi et al. , 1993 Hoyoku 1995) may also be released by the enzyme-digestion of fucoidan extract. Further investigation regarding the active substances in enzyme-digested fucoidan extract needs to be undertaken. FBS/MEM for 24 h, the culture medium was replaced with serum-free MEM containing fucoidan extract and cells were cultured for another 24 h. After total RNA was prepared, RT-PCR for VEGF was performed. Numerical RT-PCR data analyzed by Image Gauge 4.0 software are shown at the top of the photo. (b) After the supernatant of HeLa cells treated as above were replaced with fresh serum-free MEM and cultured for another 24 h, supernatants were collected to measure VEGF secretion. The procedure of VEGF measurement is described in Materials and methods. Data are expressed as the mean ± SD of three independent experiments. Results were statistically significant (*p < 0.05; n = 3) using the Student's t-test. Figure 5 . Fucoidan inhibits vascular tubules formation. The HUVEC/TIG-1 co-culture system was challenged with a mixture of EBM-2 and non-cell treated MEM (control), HeLa cell conditioned MEM (HeLa CM) and conditioned MEM of HeLa cells treated with fucoidan extract (Fucoidan ex. HeLa CM) in a ratio of 1:2, respectively. At day 11, tubules formation was detected with a tubule staining kit and then visualized under a phase-contrast microscope. Photographs were analyzed using software for angiogenesis quantification analysis. Twelve random fields per well were assessed for tubule formation. Data are expressed as the mean ± SD of three independent experiments. Results were statistically significant (*p < 0.05; **p < 0.01; n = 3) using the Student's t-test.
